The purpose of this paper is to discuss how the concepts of service quality can be applied to simulation projects, The aim being to find a means for improving the quality of simulation studies and so increase the chance of reaching a successful outcome.
INTRODUCTION
The past fifteen years has seen the onset of the Total Quality culture in most sectors of Western industry largely as a response to Japanese competition.
More recently attention has turned to the service sector and the need to provide total customer satisfaction if companies are to succeed. The key concept within this culture is that quality is 'conformance to requirements' (Crosby 1979) or 'fitness for purpose or use' (Juran 1988 Deming (1986) , Crosby (1979) and Juran (1988) . It is not the purpose of this paper to give a detailed review of Total Quality Management and its implementation, however, the aim is to discuss how these concepts can be applied to the management of simulation projects.
It is the view of the authors that although the benefits of simulation are numerous, many simulation studies fail to achieve their potential. Empirical evidence on the proportion of simulation successes and failures is not readily available, but there is much anecdotal evidence that supports this view. McLeod (1982) states that 'many costly models are unused, or ineffectively used, and -in some casesdangerously misused '. Tilanus et al. (1986) Zeigler (1976) points out that it is not possible to speak in terms of universal validity, but that a model is only valid for the purpose for which it was built.
In general validity only refers to the simulation model although in some instances the validity of the data is also discussed (Sargent 1992) .
. Credibility: this is reflected in the willingness of persons to base decisions on the information obtained from the model (Schruben 1980) . Carson (1986) considers a model to be credible when it is accepted by the client as being valid and is used as an aid to decision making. McLeod (1982) relies upon the dictionary definition 'the quality or power of inspiring belief. In some cases the term is applied to the simulation model while in others it is applied to the overall simulation study. McLeod (1982) argues that acceptability is a function of the validity of the model, the credibility of the overall study and the decision-making process.
In general acceptability is used with reference to the overall simulation study. Acceptability appears to be in some way derived from the validity of the model and the credibility of the study.
It would seem that each of these needs to be present in some manner if a project is to be considered successful. Many authors have gone on to discuss what is required to achieve validity, credibility and acceptability, for example, Carson (1986) , Law and Kelton (1991) , Gogg and Mott (1992) , Dietz (1992) , Musselman (1992) and Robinson (1994) .
One major failing of all these approaches is that they look at a simulation project primarily from the viewpoint of the simulation provider and not the customer. A key aspect of qualit y management is to focus on the customer and therefore by applying these concepts to simulation projects this shortcoming should be addressed.
SERVICE QUALITY
A simulation project is normally carried out in the context of a customer-provider relationship (in this paper the small number of projects performed by customers themselves are not considered). The provider may be an external consultant, an internal consultant or a colleague working in the same department.
Further to this the delivery of the project constitutes a service. This can be shown by considering the three characteristics that set a service apart from the delivery of a product (Parasuraman et al. 1985) :
. Intangibility: most services cannot be measured which makes it difficult to know how a customer perceives and evaluates a service . Heterogeneity: performance varies from producer to producer, customer to customer and day to day, consequently it is difficult to assure consistency q Inseparability: the production and consumption of the service are often inseparable, therefore the customers input is critical
Since simulation projects fit these characteristics and so constitute a service it is necessary to apply service quality concepts rather than the more general principles of quality management that have been applied to manufacturing organisations. What now follows is a brief review of service quality which particularly focuses on the work of Parasuraman, Zeithaml and Berry.
Service quality is a global judgement, or attitude, relating to the superiority of a service. It is defined as the discrepancy between the consumers' perceptions of the performance of the service firm and their expectations of what they feel the service firm should offer (Parasuraman et al. 1988 ). This gap between performance and expectations is referred to as disconfirmation (Bolton and Drew 1991) . Parasuraman et al. (1985) go on to develop a conceptual model of service quality for which a concise version is shown in Figure  1 . (Parasuraman et al. 1991) .
Using these five dimensions Parasuraman et al. (1988) have developed an instrument for measuring service quality, SERVQUAL.
This consists of two sets of 22 questions. The first set aim to measure the customers' expectations with respect to the five service quality dimensions, while the second set measure their perception of the service delivered.
For each question a score of between 1 and 7 is assigned. The gap between expectation and perception (service quality) is measured by the difference between the two sets of scores. However, a similar approach can be used with more protracted service encounters, as shown by Thompson (1983) who performed a study with hospital in-patients.
Therefore, it is necessary to adapt the approach if a useful instrument is to be developed for simulation projects.
The purpose of this research is to develop such an instrument for simulation studies.
At present it is difficult to measure a simulation provider's perfon-nance on a study since no suitable instrument exists. However, if such an instrument could be developed then it would provide the means not only to measure performance but to improve performance by identifying areas for change and so enable a chain of never ending improvement (Kaizen).
Although this instrument has not yet been developed much of the ground work has been done. Here, some of the results of the empirical research are discussed.
Provider and Customer Interviews
A series of interviews have been carried out with simulation providers as well as customers of simulation projects. A vital part of this empirical research has been to ensure that the customers' views are represented, an aspect which has been missing from previous research in this area. In total, ten provider organisations were Ten customer groups were also interviewed coming from manufacturing and chemical companies, the emergency services and a hospital.
The main purpose of these interviews was to establish a set of criteria that are considered when assessing a simulation study. The interviews also aimed to understand what the providers and customers consider to be success in relation to simulation projects. In order to obtain this information a series of questions were asked in an attempt to obtain ideas without significant prompting by the interviewer. Interviewees were asked to discuss their experiences with simulation projects, what they meant by success, the factors they felt were important in the delivery of a project and the effect of charging/paying for the work on their assessment of the project. Each interview was transcribed and analysed in detail to identify any references to factors that could be a part of a customer's assessment of a simulation project.
Factors Associated with Successful Simulation Projects
In total 732 references to potential factors were made in 20 interviews; obviously some of these factors were cited more than once.
Taking into account multiple citations of the same factor by different interviewees a total of 338 factors were identified in the interviews. Table 1 In order to simplify the data an attempt has been made to group these factors into a set of dimensions; this was performed intuitively by comparing factors with the definition of dimensions. Initially the dimensions identified by Parasuraman et al. (1988) were used, however, it was difficult to classify the data in this fashion with a poor fit between their dimensions and the factors identified during the interviews. Therefore, a new set of 19 dimensions were devised, these were: provider's commitment (to the project, the customer and quality), interpersonal skills and appearance Education: the customer learns about simulation and the model as the study progresses An interesting observation is that confidence appears to be valued far more by the customer than the provider.
This dimension has much to do with the traditional concepts of validity of the model, credibility of the study and acceptance and yet seems to be underestimated in importance by the providers of simulation studies (that is unless it is simply taken for granted and was therefore not mentioned).
What is Success?
A variety of definitions for success were given by customers and providers.
Some of the most cited examples were:
. The project delivers a (financial) benefit to the customer 0
The simulation provides a result that otherwise would not have been obtained (Figure 3) . The benefits obtained in stage 1 may be financial or simply greater understanding.
It is felt that the simulation provider has most control over the first two stages since implementation is dependent on many external factors outside the control of the simulation provider. It was notable that one customer had accepted the results of a study and implemented them since at the time he felt the study had been successful (stage 2). However, following implementation the results of the model were not proved out in practice and consequently his view of the project was something far less than a success (stage 4).
It is therefore important to view success as a dynamic assessment by the customer which changes through the course of events and time.
FUTURE DIRECTION OF THE RESEARCH
Having established a set of factors associated with the success of a simulation project the next stage is to develop a survey instrument, along the lines of SERVQUAL, which can be used to assess the quality of a simulation study. This instrument needs to measure the customer's expectations regarding each factor and his/her perceptions of what actually happened. The survey also needs some importance measure in order to weight the various factors and obtain an understanding of the customer's priorities. With so many factors involved it is impracticable to develop an instrument that would test all of these, therefore, the aim is to include only the most important factors. Having developed a prototype instrument it will be tested with a number of customers in order to refine it.
It is envisaged that such an instrument could be used in a number of ways. Firstly, to measure the customer's expectations as a project progresses. It must be recognised that a customer's expectations are not static, and even less so when the customer is new to simulation. It may prove useful to record the expectations at the start of the project and then at intervals throughout the duration of the study. In this way the provider can aim to ensure that these expectations are met. A second use would be to continually assess the customer's perceptions of the service he/she is receiving.
Any gaps between expectations and perceptions could be identified and addressed. A final use would be an overall measure of project quality.
There must be some doubt that this is 
